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(71) We, Westinghouse Electric 
Corporation, of Westinghouse Building, 
Gateway Center, Pittsburgh, Pennsylvania, 
United States of America, a company organ- 

5 ised and existing under the laws of the Com- 
monwealth of Pennsylvania, United States of 
America, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which it is 

10 to be performed, to be particularly described 
in and by the following statement : — 

The present invention relates to dyna- 
moelectric machines, and in particular to 
cooling the stators of large machines such as 

15 hydro generators. 

Hydro or waterwheel generators are ver- 
tical machines of large physical size with 
salient pole rotors, and rotate at relatively 
low speeds as compared to other types of 

20 generators although the peripheral speed of 
the rotor may be quite high because of the 
large diameter. These machines are cooled 
by circulation of air and two types of cool- 
ing systems have conventionally been used. 

25 In one system, the air is circulated by a 
blower, which may be mounted on the rotor, 
and is directed to flow axially through the 
spaces between the salient poles of the rotor. 
The air flows axially in the interpolar spaces 

30 to cool the field windings and poles and then 
flows radially into the air gap and across the 
air gap to the stator. The stator core has 
radial vent ducts extending through it and 
the cooling air crossing the air gap flows 

35 through these ducts to cool the stator wind- 
ings and core, and is discharged at the back 
or outer periphery of the core and recircul- 
ated after flowing through coolers. The other 
cooling system, which has come into use 

40 more recently, uses the rotor spider and rim 
as a blower to cause the air to flow radially 
through ducts in the rotor rim and thus 
into the interpolar spaces from which it 
flows radially across the air gap and through 

45 the stator core radial vent ducts as described 
above. In both of these schemes, therefore, 
the air rotates with the rotor as it flows into 
and across the air gap. Furthermore, the 
same air flows in series through the rotor 

50 and the stator core, and the mass flow rate 



of air must be adequate to cool both the 
rotor and stator sufficiently to keep the tem- 
perature rise within the required limits. 
Thus, a large flow of air is necessary and the 
rotation of this large mass of air at or near 55 
the peripheral speed of the rotor results in 
high windage losses. 

The present trend in hydro machines, 
especially in those intended for alternative 
operation as generators and as motors in 60 
pumped storage installations, is to machines 
of large size and relatively high speed. The 
combination of large rotor diameter and 
high speed results in very high peripheral 
velocities of the rotor which may be in 65 
excess of 15,000 feet per minute, for ex- 
ample. With the conventional ventilation 
schemes discussed above, the windage loss is 
quite high and becomes a relatively large 
percentage of the total loss in the machine. 70 
A reduction in the windage loss therefore 
can result in a very substantial reduction in 
the total losses, with a corresponding in- 
crease in efficiency, or a reduction in the 
size of the machine with a substantial saving 75 
in cost. 

It has been proposed to greatly reduce the 
windage loss in machines of this type by 
separating the rotor and stator air flows into 
separate ventilation systems and sealing off 80 
the rotor air flow from the air gap, as in the 
specification of U.S. Patent 3,588,557. This 
results in a substantial reduction in the wind- 
age loss since most of the rotor cooling air 
is confined to the rotor and prevented from 85 
reaching the air gap as only enough air is 
allowed to flow into the air gap to remove 
the heat resulting from the pole face losses. 
Separation of the rotor and stator air flows 
also greatly reduces the volume of air 90 
required. In the conventional cooling 
schemes, the stator cooling air flows first 
through the. rotor and then across the air 
gap so that it is heated by the rotor losses 
before it reaches the stator. In order to 95 
obtain the necessary cooling of the stator, 
therefore, a relatively large flow of air is 
required. When the stator air flow is separ- 
ated from the rotor air flow, however, cold 
air enters the stator so that the volume of 100 
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air required for cooling the stator is reduced 
and the total air flow in the machine is 
greatly reduced. Since the stator air flow is 
largely independent of the rotor air flow, and 
5 smaller flow rates of cooler air can be used 
for cooling the stator, an opportunity exists 
for further improvement in cooling by new 
stator ventilation systems. 
An object of the invention is to provide 
10 an improved ventilation ssytem for the 
stators of large salient pole dynamoelectric 
machines in which the rotor and the stator 
have separate air flows which are sealed off 
from the air gap. 
15 The invention consists in a dynamo- 
electric machine comprising a stator member 
and a rotor member separated by an air gap, 
said rotor member having salient poles and 
a ventilation system sealed off from the air 
20 gap, said stator member including a lamin- 
ated cylindrical stator core having a central 
bore with teeth extending longitudinally of 
said bore to form slots for stator windings, 
the core having a plurality of longitudinally 
25 spaced vent regions with each vent region 
comprising a plurality of vent ducts extend- 
ing radially through the core, there being a 
plurality of longitudinal ducts extending 
through said teeth and extending between 
30 and communicating with said vent ducts, 
said longitudinal ducts and said vent ducts 
being sealed from the air gap by barrier 
members across each of the vent ducts 
adjacent the radially inner ends of feach 
35 tooth, and by barrier members adjacent the 
bottom of each slot, means being provided 
for causing ventilating gaseous fluid to flow 
radially inwardly in a first group of the vent 
ducts and radially outwards in a second 
40 group of the vent ducts, communication 
between the first and second groups being 
by way of said longitudinal ducts. 

It will be appreciated that the stator cool- 
ing air is not supplied by air flow across 
45 the air gap. The direction of air flow in the 
stator core is reversed, with respect to con- 
ventional systems, and air flows from the 
coolers directly to the stator core and is 
introduced through the back, or outside, of 
50 the core to flow radially inwardly. The cool- 
ing air flows inwardly through radial vent 
ducts at at least some of the said vent regions 
to the region of the teeth and windings and 
is there directed to flow axially in the longi- 
55 tudinal ducts in the core. These longitudinal 
ducts are sealed off from the air gap, so that 
the air does not reach the air gap, and it 
flows from one vent region to the next 
through the longitudinal ducts and then 
'60 radially outwardly to the back of the core 
through the vent ducts in the said next 
vent region. The longitudinal ducts are dis- 
posed within the core in the region of the 
slots and stator winding for the maximum 
65 cooling effect, and may comprise axial 



openings or slits in the teeth forming longi- 
tudinal passages extending between the 
radial vent ducts. Cold air thus flows 
directly from the cooler through the core 
to the region of the windings and returns 70 
directly to the blower and cooler so that 
greatly improved cooling of the stator is 
obtained with a smaller volume of air. 

The air may be circulated by a blower 
of any desired type which may be carried 75 
on the rotor of the machine, or which may 
comprise an external blower or blowers, 
and the air circulates in a predetermined 
path through the stator, the blower and the 
necessary coolers. The longitudinal ducts 80 
extend from one end to the other of the 
stator core and communicate with the 
radial vent ducts. The air paths through the 
longitudinal ducts, however, preferably ex- 
tend only from one vent region to the next, 85 
so that the length of each individual air 
path in the machine is relatively short. For 
this reason, the pressure drop incurred in 
forcing the air through the stator core is 
relatively low. Since the total mass flow of 90 
air required is very much lower in this 
system than in conventional systems, and 
since the pressure drop in the system is 
lower, the total pumping power required to 
maintain the air circulation is very much 95 
reduced, as compared to previous systems, 
with a substantial further improvement in 
efficiency of the machine in addition to the 
improvement due to the reduction in wind- 
age loss and improved cooling. 100 

The invention will now be described, by 
way of example, with reference to the 
detailed description, taken in connection 
with the accompanying drawings, in which : 

Figure 1 is a vertical sectional view of a 105 
large dyamoelectric machine; 

Fig. 2 is a fragmentary plan view of the 
rotor and stator of the machine of Fig. 1; 

Fig. 3 is an enlarged vertical sectional 
view of the stator core of the machine; 110 

Fig. 4 is a fragmentary plan view of a 
portion of the stator core; 

Fig. 5 is a somewhat diagrammatic pers- 
pective view of a portion of the stator core 
showing the air flow through the ducts of 115 
the core; and 

Fig. 6 is a diagrammatic perspective view 
further illustrating the air flow of Fig. 5. 

The drawings depict a large, vertical, 
waterwheel driven generator or generator- 120 
motor for pumped storage power projects. 
The machine has a vertical shaft 10 carrying 
a rotor member 12 for cooperation with a 
stator 14 which is supported on a foundation 
16. The shaft 10 and rotor 12 are supported 125 
on a thrust bearing (not shown) of usual type 
and the overall construction of the machine 
may be of any usual or desired type. 

The rotor 12 consists of a spider portion 
18 mounted on the shaft 10 and which may 130 
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be of any suitable or usual construction. A 
laminated rim 19 is carried on the spider 
portion 18 and salient poles 20 carrying field 
windings 21 are mounted in the usual man- 

5 ner on the rim 19. The rotor 12 is cooled 
by its own ventilation systems separate from 
that of the stator, the rotor air flow being 
sealed off from the air gap between the rotor 
and stator. As shown in Fig. 2, partitions 22 

10 extend axially through each of the inter- 
polar spaces and have flanges 23 which 
engage the adjacent pole faces to seal the 
interpolar spaces from the air gap. The 
rotor is cooled by air flowing through the 

15 spider and flowing axially through the inter- 
polar spaces, as indicated by the arrows in 
Fig. 1. 

The stator 14 comprises a laminated 
stator core 24 supported between end plates 

20 25 in a frame 26 of any suitable construc- 
tion supported on the foundation 16. The 
stator core 24 is of the usual laminated 
construction, and provides longitudinally- 
spaced vent regions with radial vent ducts, 

25 as more fully described hereinafter, through 
which air may flow radially of the core. 
Ventilating air may be circulated through 
the machine by any desired means which is 
shown as a centrifugal blower consisting of 

30 a plurality of blades 27 mounted on the 
rotor. Air flows from the blower in the paths 
indicated by the arrows and through coolers 
28 which may be of usual type, any neces- 
sary number of such coolers being provided 

35 about the circumference of the machine. 
The air flowing through the coolers is 
directed into suitable ducts for passage 
through the stator core 24 and, upon dis- 
charge from the stator core, is directed 

40 through coolers 29 and discharged for recir- 
culation by the blower and by the rotor 12. 
It will be understood that any suitable type 
of blower may be used mounted on the rotor 
as shown, or the necessary number of extern- 

45 ally mounted blowers might be used to cir- 
culate the air in any desired path through 
coolers and the necessary ducts to and from 
the stator core. 
As shown more particularly in Figs. 3 

50 and 4, the stator core 24 is of laminated con- 
struction and is built up of the usual punch- 
ings 30 to form a cylindrical core having a 
central bore therethrough with teeth 31 ex- 
tending longitudinally of the bore to form 

55 slots between them for the reception of 
stator windings 32. The stator punchings 30 
may be of usual type having pairs of pro- 
trusions 33 at the outer periphery the pro- 
trusions defining between themselves re- 

60 cesses for reception of building bolts 34 on 
which the core is supported in the frame 26. 
If desired, openings 36 may be provided in 
the punchings to form axial ducts 37 through 
the core for passage of ventilating air. The 

65 stator core 24 is provided with a plurality of 



longitudinally-spaced radial vent regions 37 
each having a plurality of vent ducts 38 
extending radially through the core from the 
central bore to the outer periphery. The vent 
ducts 38 are provided by attaching spacing 70 
fingers 39 to certain of the punchings 30 at 
the desired intervals in the core to space the 
adjacent punchings apart and thus form the 
vent regions 37 and the radial ducts 38. 

The spacing fingers 39 also serve as air 75 
guides, and in the embodiment of the inven- 
tion shown in Fig. 4, the fingers 39 extend 
radially of the punchings and have openings 
in them indicated at 40 through which air 
may flow to the tooth region. The teeth 31 80 
have elongated duct openings or slits 41 
formed in them extending over most of the 
radial length of the tooth so that when 
assembled in the complete core, the slits 

41 form longitudinal ducts. These ducts 85 
extend for the full axial length of the teeth 
from one end of the core to the other, and 
thus extend between adjacent vent ducts 38 
with which they are in communication. Seal- 
ing means are also provided to seal the air 90 
flow path from the air gap and prevent the 
escape of any appreciable amount of air. 

As shown in Fig. 4, sealing members 42 may 
be provided for this purpose adjacent the 
tips of the teeth 31 and across the bottom 95 
of the winding slots. The sealing members 

42 may be rigid bars received in slots in the 
adjacent spacing fingers 39 so that the vent 
duct 38 is effectively sealed off from the 

air gap. 100 

In operation, ventilating air flows through 
the core generally as shown by the arrows 
in Figs. 3 and 4. In this particular embodi- 
ment, alternating cold air ducts 43 and 
warm air ducts 44 are provided in the area 105 
immediately adjacent the back of the 
stator core. Cold air from the coolers 28 
is directed into the cold air ducts 43 and 
flows into the vent ducts 38 of alternate 
vent regions 37 and radially inwardly 110 
through the core to the tooth region, the 
spacers 39 acting as guides to direct the 
air. The ducts 38 are sealed at the air gap 
as described above and the air flowing 
inward is forced to change direction and 115 
flow longitudinally into the ducts 41 which 
extend through the teeth. The air thus 
flows longitudinally in opposite directions 
in these ducts to the vent ducts 38 of the 
next adjacent vent region 37 on each side 120 
where opposing air streams meet. The air 
then again changes direction and flows 
radially outwardly through the vent duct 
to a warm air duct 44 at the back of the 
core from which it is directed through the 125 
coolers 29 and back to the blower. 

In the embodiment of the invention just 
described, the ventilating air flows radially 
inward through the vent ducts 38 of altern- 
ate vent regions and outward through the 130 
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ducts of the remaining vent regions. This 
requires the provision of alternating cold 
air and warm air ducts extending around 
the outside of the core which may, in some 
5 cases, be undesirable. Another arrangement 
is shown in Figs. 5 and 6 which may result 
in a simpler arrangement of ductwork in 
many cases. The stator core 24 there 
shown is essentially the same as that des- 

10 cribed above. The vent regions and vent 
ducts 38 are formed in the same manner 
by spacers 45 attached to the punchings 
at intervals and the longitudinal ducts 41 
extend through the teeth 31 as previously 

15 described. In this embodiment, the radially 
inner ends of the vent ducts are sealed by 
wedge members 46 fitting in the vent ducts 
between the tooth tips and having curved 
surfaces to facilitate the change in direc- 

20 tion of the air. The usual slot wedges 47 
which retain the winding coils are used to 
seal the slots so that the vent ducts 38 are 
sealed off from the air gap as before. 
In this embodiment of the invention, the 

25 vent ducts 38 of each vent region 37 are 
divided into a plurality of circumferential 
zones corresponding in extent to the spaces 
between adjacent building bolts 34. These 
circumferential zones are alternately inlet 

30 zones and discharge zones for the cooling 
air, as indicated by the arrows in Fig. 5, 
which in many cases results in a simpler 
arrangement of cold air and warm air 
ducts, although, any suitable arrangement of 

35 ducts mayi of course, be used. In order to 
accomplish the desired air flow, the spacers 
45 are truly radial in the tooth portions of 
the core and are bent to extend at an acute 
angle to the radial direction through the rest 

40 of the core. The spacers 45 of adjacent vent 
ducts are inclined in opposite directions with 
respect to the radial as can be seen in Fig. 5. 

The resulting air flow paths are shown 
diagrammatically in Fig. 6 in which one flow 

45 path is shown by solid arrows and another 
flow path is shown by dotted arrows, three 
of the circumferential zones being shown. 
Thus, air entering the front or forward ducts 
of Fig. 6 in the center zone (solid arrows) is 

50 shifted to die left by the inclined spacers 45 
and flows to the teeth where it enters the 
longitudinal ducts 41. The air flows in both 
directions through these ducts, the rear- 
ward flow being shown. When the air 

55 reaches the next adjacent (rearward) vent 
region, it meets oppositely flowing air and 
both streams flow radially outwardly in the 
said vent region. Since the spacers 45 in this 
bent region are oppositely inclined to those 

60 of the preceding vent regions they shift the 
air farther to the left and it is discharged 
through the left-hand circumferential zone 
of Fig. 6. The path of air entering the rear- 
ward vent region in the center zone is shown 

65 by the dotted arrows. This air flows oppo- 



sitely to the previously-described air flow 
and is shifted to the right by the spacers 
45 to discharge from the forwaid vent region 
through the ducts of the right-hand zone. 

It will be seen that in both embodiments 70 
of the invention, the stator core and wind- 
ings are cooled by air flowing in a path 
which is sealed from the air gap and separ- 
ate from the rotor cooling air path. Cool air 
flows radially inwardly from the back, of the 75 
core, longitudinally through ducts closely 
adjacent the windings where the greatest 
amount of heat is generated, and radially 
outwardly to be discharged through the back 
of the core. The length of each longitudinal 80 
duct between adjacent radial ducts is rela- 
tively short and air flows through the core 
in many short paths in parallel. This results 
in a relatively small pressure drop across the 
core so that the fan pressure deference re- 85 
quired is relatively low. Since the air is cold 
as it enters the stator core and is required 
to absorb only the heat generated in the 
stator, a much smaller volume of air is re- 
quired than was necessary in previous venti- 90 
lation systems in which the air flowed first 
through the rotor and then across the air 
gap into the stator so that the air was first 
heated by the rotor. The small volume of air 
required, together with the relatively low 95 
pressure drop across the core ducts, results 
in a great reduction in the pumping power 
required to circulate air through the machine 
as compared to conventional cooling sys- 
tems, with a corresponding increase in effi- 100 
cicncy, while the improved cooling permits 
an increase in rating of the machine or a 
decrease in size. 

It will now be apparent that a greatly 
improved cooling system has been provided 105 
for salient pole machines in which separate 
cooling systems are provided for the stator 
and rotor. The new stator cooling systems 
disclosed herein results in a very marked 
improvement in the stator cooling, and a 110 
reduction in pumping power required, with 
a substantial improvement in efficiency. It 
will be understood, of course, that various 
modifications and embodiments of the in- 
vention are possible. The longitudinal ducts 115 
may be arranged in any suitable manner 
within the core where they can be sealed 
from the air gap and disposed in the imme- 
diate region of the winding slots and wind- 
ings. The external air circuit outside of the 120 
stator core may be arranged in any desired 
or suitable manner to cool and recirculate 
the air. 

WHAT WE CLAIM IS :— 125 
1. A dynamoelectric machine comprising 
a stator member and a rotor member separ- 
ated by an air gap, said rotor member 
having salient poles and a ventilation system 
sealed off from the air gap, said stator mem- 130 
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ber including a laminated cylindrical stator 
core having a central bore with teeth extend- 
ing longitudinally of said bore to form slots 
for stator windings, the core having a plur- 
5 ality of longitudinally spaced vent regions 
with each vent region comprising a plurality 
of vent ducts extending radially through the 
core, there being a plurality of longitudinal 
ducts extending through said teeth and ex- 

10 tending between and communicating with 
said vent ducts, said longitudinal ducts and 
said vent ducts being sealed from the air gap 
by barrier members across each of the vent 
ducts adjacent the radially inner ends of 

15 each tooth, and by barrier members adjac- 
ent the bottom, of each slot, means being 
provided for causing ventilating gaseous 
fluid to flow radially inwardly in a first 
group of the vent ducts and radially out- 

20 wards in a second group of the vent ducts, 
communication between the first and second 
groups being by way of said longitudinal 
ducts. 

2. A dynamoelectric machine as claimed 
25 in claim 1, in which the vent ducts of succes- 
sive vent regions constitute alternately the 
vent ducts of the first and second groups. 

3. A dynamoelectric machine as claimed 
in claim 1, in which each vent region has 

30 vent ducts of the first group and vent ducts 
of the second group, arranged in circum- 
ferentially alternating zones for inward and 
outward fluid flow, the fluid flowing in at 
each of said inward zones flowing longi- 



tudinally through a longitudinal duct and to 
an outward zone of an adjacent vent region. 

4. A dynamoelectric machine as claimed 
in claim 3, including a plurality of longi- 
tudinal bolts on the outer periphery of the 
core for supporting the core laminations, 
said bolts being circumferentially spaced and 
disposed at the boundaries of said circum- 
ferentially alternating zones. 

5. A dynamoelectric machine as claimed 
in any one of claims 1 to 4, wherein said 
means for causing ventilating fluid flow in- 
cludes blower means for causing said venti- 
lating fluid to flow through the stator core 
and for causing fluid to flow in a separate 
path through the rotor member. 

6. A dynamoelectric machine as claimed 
in claim 5, including cooler means disposed 
in the path of said fluid flowing through the 
stator core. 

7. A dynamoelectric machine as claimed 
in any one of claims 1 to 6, in which certain 
of the laminations of the stator core have 
spacing means extending radially through 
the core at spaced intervals, said spacing 
means defining the positions of the vent 
regions and defining the flow paths of the 
vent ducts in said vent regions. 

8. A dynamoelectric machine, con- 
structed and adapted for use substantially as 
herein before described and illustrated with 
reference to the accompanying drawings. 

RONALD VAN BERLYN. 
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